Abstract: Serious damage caused by floor heave in the coal given chamber of a vertical coal bunker 12 is one of the challenges faced in underground coal mines. Engineering practice shows that it is 13 more difficult to maintain the coal given chamber (CGC) than a roadway. More importantly,
Introduction

39
The raw coal, produced at the working face of underground coal mine, should be transported 40 to the surface by the transportation system which includes a coal strap transporting system in the 41 mining roadway, a coal storage bunker installed in mining area, the conveyor belt in the main building the CGC, was designed and its key technological bases were investigated. During the 74 research into the new bunker, we focused on how to transfer the whole weight borne by the bearing 75 structure of the CGC into the rock surrounding the coal bunker where we constructed the 76 self-bearing system. Finally we discussed the security and the reliability of the new coal bunker and 77 put it into practice at Xiashijie coal mine. Meanwhile we described the monitoring of the subsidence 78 of the bunker body and the deformation of the bunker walls in a field test lasting for three years. The roof was cracked The roof was fractured
Roof
Reinforced column was inclined Reinforced column was damaged Figure 5 , the cumulative heave and the convergence of CGC walls are 1.632 m and 0.668 m, respectively. Based on the on-site collapse features and the deformation data, we can conclude the 104 main deformation characteristics were as follows:
105
(1) Large deformation of the floor. The cumulative floor heave is much greater than the 106 deformation of the walls in the CGC.
107
(2) The collapse and failure of the surrounding rock of the CGC (especially the floors) constantly 108 emerge after repair. The load-bearing structure of the CGC could only remain stable for three 109 months after repair (the immediate floor and hard floor are mudstone and clay, respectively,
110
which are soft in nature and will swell severely when water is encountered). 
111
122
and the dilatational strain increases after immersion in water for 2 h, and then it reaches the 123 maximum of 11700 uε after 12 h. 
126
indicates that the floor rocks are liable to swell rock which is not conducive to chamber stability.
127
(2) The rich supply of mine water under these geological conditions. With continuous supply of
128
water from the seepage of yellow slurry in working face goafs, the 953# sump above, and the 
Where K and G are the bulk and shear moduli, respectively; Δ Zmin is the smallest width of an 158 adjoining zone in the normal direction ( Figure 7 ).
159
To understand the influence of mine water on the failure of the CGC, the distribution of both 
175
Even though many measures such as drainage, installation of U36 steel inverted arches, 176 reinforcement of the bottom beams and other measures had been taken, it was still difficult to 177 control the floor heave, thus the bearing structure of the CGC could not work properly. Based on the measures discussed above, we designed six reinforcement schemes (Table. 3) and 221 the numerical simulation results were shown in Table. 4. The plastic zone range of the coal seam 5 and 6 shows that the reinforcing interval of the grouted anchor cables have a significant effect on 226 the size of the plastic zone. So the reinforcing interval was selected as 1600 × 800 mm. Finally, an 227 optimised scheme was realised (Figure 12 ) considering the cost, installation convenience, and
218
228
technical feasibility. Figure 12 shows that:
229
(1) The bolt and wire mesh were used to reinforce the shallow rock and coal at intervals of 800 mm
230
× 800 mm, and the bolt tightening torque was not less than 300 N•m.
231
(2) The bearing capacity of deep surrounding rock was aroused by the anchor cable (Φ17.8mm × 232 6200 mm) with the spacing and row spacing being 1600 mm × 800 mm. 
250
The bunker total weight is:
where MC1, MC2, MB and MF are the weight of coal when the coal bunker is filled, the weight of 252 concrete, the total weight of the H-steel brackets, the weight of the feeder, respectively, and the 253 weight borne by each H-steel beam is:
where n is the number of H-steel beams buried in the bunker wall rock. Then the shear stress on the 255 section of the H-steel beam is:
where S is the cross-sectional area of the H-steel beam.
[ ]
where [τ ] is the allowable shear stress in the H-steel beam.
259
As discussed above the lower part of the surrounding rock is the 4-2# coal seam with its low where n is the number of self-locking anchor cables, Fv is the vertical component force provided by 281 the self-locking anchor cable, F is the single anchor bearing capacity, andα is the angle between the 282 cable and the rock face, then suppose that the whole weight of the bunker is borne by the self-locking 283 anchor cables, the safety factor can be given by:
The safety factor K > 1, thereby determining the number of self-locking anchor cables.
285
With the surrounding rock deformation effectively controlled, the reinforcement is
286
implemented depending on the intensity of bunker body, then the H-steel beams, H-steel brackets,
287
and the self-locking anchor cables are immersed in the concrete to form a WMCB ( Figure 15, 1(b) ). 
291
The bunker body height and high hopper are 11235 mm and 3765 mm, respectively: the total 292 thickness of concrete is not less than 400 mm, and the concrete strength is 40 MPa.
293
The total weight (concrete, coal, and coal feeder beam) is calculated as follows: 
318
In this study, the factors, which cause the floor heave and the collapse of the load-bearing 319 structure in the CGC, are investigated by FLAC 2D numerical modelling and expansion experiments.
320
Then the WMCB is designed to avoid the influence of the floor heave and a self-bearing system,
321
which includes H-steel beams, H-steel brackets, and self-locking anchor cables, forms a replacement
322
for the CGC to bear the whole weight of the bunker, so that the whole weight is transferred to the 323 stable surrounding rock. The stability of the new coal bunker has been verified in Xiashijie coal 324 mine, and it has made coal production therein more efficient.
325
The great economic benefits, due to the application of the WMCB, are shown in Table 5 . As the
326
214# coal bunker should be repaired for a month every year, and the annual production capacity of 327 the mine is 2.4 million tons, the use of the WMCB gives rise to a production increase of more than 
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